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Disease Burdens Associated 
with PM2.5 Exposure
How a New Model Provided Global Estimates
Like traffic jams and cell phones, particulate air pollution is a reality of 
modern living. Whether it’s from cigarette smoking, industrial emis-
sions, or the burning of wood and dung for fuel, fine particulate mat-
ter (PM2.5) has been strongly linked to cardiovascular disease, inflam-
mation, lung cancer, and other lung diseases.1,2 As part of the Global 
Burden of Disease Study (GBD) 2010 collaboration,3 an international 

team of environmental health scientists estimated the worldwide dis-
ease burden attributable to PM2.5 exposure.4 In this issue of EHP, they 
explain the underpinnings of how they did it.5 

“This study is quite an important achievement,” says Robert 
Brook, a physician at the University of Michigan who was not 
involved with the research. “Currently, scientists have no other way to 
estimate these risks.”

In the past, risk models for PM2.5 and other air pollutants 
have been derived from work done almost exclusively in North 
America and Europe. But air pollution levels around the world vary 
widely—by one estimate, annual average PM2.5 concentrations in 
the United States top out at 20–40 µg/m3 (in Texas), compared with 
80–130 µg/m3 in parts of China and India.6 

Estimating the health risks of PM2.5 in developing countries, 
where few primary epidemiological studies have been conducted, 
has therefore required extrapolation to higher concentrations of 
air pollutants.7 Further complicating matters is evidence that the 
relationship between mortality risk and PM2.5 exposure is not linear, 
meaning risk appears to increase more rapidly at lower exposures 
than at higher ones.8,9 

The GBD 2010 team incorporated information about the 
health risks of PM2.5 from ambient air pollution, active smoking, 

secondhand smoke, and indoor burning of solid fuels into an 
integrated exposure–response model. The amounts of pollution 
caused by smoking, secondhand smoke, and indoor fuel use are well 
documented, as are the resulting health problems.10,8,11 

The researchers combined this knowledge with what is known 
about different concentrations of ambient air pollution around the 
world to estimate relative risks of dying from a variety of illnesses, 
including ischemic heart disease, cerebrovascular disease (stroke), 
chronic obstructive pulmonary disease, and lung cancer over a range 
of ambient PM2.5 exposures from very low to very high. The model 
also estimates years of healthy life lost due to PM2.5-related acute 
lower respiratory illnesses in children under the age of 5 years.5 

“We integrated as much information on exposure to particulate 
matter and mortality from as many different sources as we possibly 
could,” says lead author Richard Burnett, an environmental scien-
tist at Health Canada. “Because some of these exposures had very 
high concentrations, we could build a risk model over the entire 
global range of potential exposures.”

The risk curves for different illnesses were not identical. Whereas 
the estimated risk of lung cancer and child acute lower respiratory 
illness appeared to continually increase along with increasing con-
centrations of PM2.5, the curves for heart disease and stroke rapidly 
increased at lower concentrations of PM2.5 before leveling off.5

One of the major advantages of the model is that it can be updated 
easily, yielding estimates of risk that reflect the latest knowledge. 
The major limitation of the study is that the researchers assumed the 
health risks of different types of PM2.5 were the same, says Michael 
Jerrett, a professor of environmental health sciences at the University of 
California, Berkeley, who was not involved with the study. 

PM2.5 is a mixture of many constituents that can vary, depending 
on the source and the season.12 “There is considerable evidence that 
some elements of the mixture are less toxic than others,” Jerrett 
says. “However, to try to untangle that and come up with definitive 
estimates for sulfate versus nitrate versus black carbon would go 
beyond the capacity of our current scientific evidence to determine 
accurately.” He concludes, “It’s a mathematically elegant model that 
is a major advance over what has been done in the past. It represents 
the best that we can do with the available information.”
Carrie Arnold is a freelance science writer living in Virginia. Her work has appeared in Scientific 
American, Discover, New Scientist, Smithsonian, and more.

	 REFERENCES
1.	 Loomis D, et al. The carcinogenicity of outdoor air pollution. Lancet Oncol 14(13):1262–1263 (2013); http://

dx.doi.org/10.1016/S1470-2045(13)70487-X. 

2.	 EPA. Integrated Science Assessment for Particulate Matter. EPA/600/R-08/139F. Research Triangle Park, NC:U.S. 
Environmental Protection Agency (2009). Available: http://www.epa.gov/ncea/pdfs/partmatt/Dec2009/
PM_ISA_full.pdf [accessed 17 March 2014].

3.	 IHME. Global Burden of Diseases, Injuries, and Risk Factors Study 2010 (GBD 2010) [website]. Seattle, 
WA:Institute for Health Metrics and Evaluation (2014). Available: http://goo.gl/dg5AaC [accessed 
17 March 2014].

4.	 Lim SS, et al. A comparative risk assessment of burden of disease and injury attributable to 67 risk factors and 
risk factor clusters in 21 regions, 1990–2010: a systematic analysis for the Global Burden of Disease Study 2010. 
Lancet 380(9859):2224–2260 (2012); http://dx.doi.org/10.1016/S0140-6736(12)61766-8.

5.	 Burnett RT, et al. An integrated risk function for estimating the global burden of disease attributable to ambient 
fine particulate matter exposure. Environ Health Perspect 122(4):397–403 (2014); http://dx.doi.org/10.1289/
ehp.1307049.

6.	 Brauer M, et al. Exposure assessment for estimation of the global burden of disease attributable to outdoor air 
pollution. Environ Sci Technol 46(2):652–660 (2012); http://dx.doi.org/10.1021/es2025752.

7.	 Cohen AJ, et al. Urban air pollution. In: Comparative Quantification of Health Risks: Global and Regional Burden 
of Disease Attribution to Selected Major Risk Factors (Ezzati M, et al., eds.). Geneva, Switzerland:World Health 
Organization (2004). Available: http://www.who.int/publications/cra/chapters/volume2/1353-1434.pdf 
[accessed 17 March 2014].

8.	 Pope CA III, et al. Cardiovascular mortality and exposure to fine particulate matter from air pollution and 
cigarette smoke: shape of the exposure–response relationship. Circulation 120(11):941–948 (2009); http://
dx.doi.org/10.1161/​CIRCULATIONAHA.109.857888.

9.	 Pope CA III, et al. Lung cancer and cardiovascular disease mortality associated with particulate matter exposure 
from ambient air pollution and cigarette smoke: shape of the exposure–response relationships. Environ Health 
Perspect 119(11):1616–1621 (2011); http://dx.doi.org/10.1289/ehp.1103639.

10.	 Invernizzi G, et al. Particulate matter from tobacco versus diesel car exhaust: an educational perspective. Tob 
Control 13(3):219–221 (2004); http://dx.doi.org/10.1136/tc.2003.005975.

11.	 Kleeman MJ, et al. Size and composition distribution of fine particulate matter emitted from wood burning, 
meat charbroiling, and cigarettes. Environ Sci Technol 33(20):3516–3523 (1999); http://dx.doi.org/10.1021/
es981277q.

12.	 Bell ML, et al. Spatial and temporal variation in PM2.5 chemical composition in the United States for health 
effects studies. Environ Health Perspect 115(7):989–995 (2007); http://dx.doi.org/10.1289/ehp.9621.

The GBD 2010 team incorporated information about the health risks of 
PM2.5 from ambient air pollution, active smoking, secondhand smoke, 
and indoor burning of solid fuels into an integrated exposure–response 
model. Clockwise from upper right: © Zirafek/iStockphoto; © David Young-Wolff/Getty; 

© Crispin Hughes/Panos; © Mac99/iStockphoto

http://dx.doi.org/10.1289/ehp.122-A111
http://dx.doi.org/10.1016/S1470-2045(13)70487-X
http://dx.doi.org/10.1016/S1470-2045(13)70487-X
http://www.epa.gov/ncea/pdfs/partmatt/Dec2009/PM_ISA_full.pdf
http://www.epa.gov/ncea/pdfs/partmatt/Dec2009/PM_ISA_full.pdf
http://goo.gl/dg5AaC
http://dx.doi.org/10.1016/S0140-6736(12)61766-8
http://dx.doi.org/10.1289/ehp.1307049
http://dx.doi.org/10.1289/ehp.1307049
http://dx.doi.org/10.1021/es2025752
http://www.who.int/publications/cra/chapters/volume2/1353-1434.pdf
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.857888
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.857888
http://dx.doi.org/10.1289/ehp.1103639
http://dx.doi.org/10.1136/tc.2003.005975
http://dx.doi.org/10.1021/es981277q
http://dx.doi.org/10.1021/es981277q
http://dx.doi.org/10.1289/ehp.9621



Accessibility Report



		Filename: 

		ehp.122-A111.pdf






		Report created by: 

		Tart, Joseph (NIH/NIEHS) [C]


		Organization: 

		





 [Personal and organization information from the Preferences > Identity dialog.]


Summary


The checker found no problems in this document.



		Needs manual check: 2


		Passed manually: 0


		Failed manually: 0


		Skipped: 0


		Passed: 30


		Failed: 0





Detailed Report



		Document




		Rule Name		Status		Description


		Accessibility permission flag		Passed		Accessibility permission flag must be set


		Image-only PDF		Passed		Document is not image-only PDF


		Tagged PDF		Passed		Document is tagged PDF


		Logical Reading Order		Needs manual check		Document structure provides a logical reading order


		Primary language		Passed		Text language is specified


		Title		Passed		Document title is showing in title bar


		Bookmarks		Passed		Bookmarks are present in large documents


		Color contrast		Needs manual check		Document has appropriate color contrast


		Page Content




		Rule Name		Status		Description


		Tagged content		Passed		All page content is tagged


		Tagged annotations		Passed		All annotations are tagged


		Tab order		Passed		Tab order is consistent with structure order


		Character encoding		Passed		Reliable character encoding is provided


		Tagged multimedia		Passed		All multimedia objects are tagged


		Screen flicker		Passed		Page will not cause screen flicker


		Scripts		Passed		No inaccessible scripts


		Timed responses		Passed		Page does not require timed responses


		Navigation links		Passed		Navigation links are not repetitive


		Forms




		Rule Name		Status		Description


		Tagged form fields		Passed		All form fields are tagged


		Field descriptions		Passed		All form fields have description


		Alternate Text




		Rule Name		Status		Description


		Figures alternate text		Passed		Figures require alternate text


		Nested alternate text		Passed		Alternate text that will never be read


		Associated with content		Passed		Alternate text must be associated with some content


		Hides annotation		Passed		Alternate text should not hide annotation


		Other elements alternate text		Passed		Other elements that require alternate text


		Tables




		Rule Name		Status		Description


		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot


		TH and TD		Passed		TH and TD must be children of TR


		Headers		Passed		Tables should have headers


		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column


		Summary		Passed		Tables must have a summary


		Lists




		Rule Name		Status		Description


		List items		Passed		LI must be a child of L


		Lbl and LBody		Passed		Lbl and LBody must be children of LI


		Headings




		Rule Name		Status		Description


		Appropriate nesting		Passed		Appropriate nesting







Back to Top
